academic library petition for funds? What new funding models can libraries employ? What benchmarks are used to determine if a library is adequately funded? Where can we go to identify other models that might serve academic libraries?
Subjective funding mechanisms for libraries can impair short-and long-term planning. How can a library director or collection manager make informed resource allocation decisions when there is li le predictability for the materials budget? Funding uncertainties are exacerbated by the explosion of published literature, packaged deals that encourage libraries to buy what they do not need, and redundancy of content format. It is impossible to know when the library is adequately funded because there is no defined target toward which to aim. Libraries may benefit from an element of objectivity worked into the funding mechanism, one that would center the task of allocating dollars to the library. The library might then be more resigned to going about the business of allocating its scarce economic resources internally, knowing that at least it got its share of the university pie.
It is the thesis of this study that the library's budget should be more program driven and less susceptible to the economic and political vagaries of the institution. A formula-based budget may provide more stability and render the library less vulnerable to disproportionate cuts. A program-driven budget may reinforce the notion of the library as an academic as opposed to an administrative campus unit. Many libraries do not have much traction when negotiating for funding. A program-driven approach may build in growth drivers based upon the health of the institution as a whole. The economic well-being of the library would rise and fall along with the larger university.
Literature Survey
Few published studies address funding mechanisms for the academic library as a whole. It is important to distinguish between models for funding of the entire library (the focus of this study) versus models for the allocation of the materials budget, not the focus of this study. In a 1992 article, David Baker revealed findings from a survey on resource allocation in university libraries in the United Kingdom. His major conclusions were that there is a movement toward using formulae and unit costs as the basis of allocation of central (state) funds to universities; however, there is li le sign that such approaches are being adopted by universities once the funds are received. He found virtually no evidence of a formula approach to the method of funding university libraries. 1 In a 1993 article, Frank Goudy presented data from 1971 to 1990 to show that the ACRL Libraries standard that the library's appropriation shall be 6 percent of total institution budget has never been realized. According to Goudy, the "6% rule" was wishful thinking that never existed. 2 The authors note that ACRL subsequently dropped this standard, relying on a more generalized statement that the library budget should be appropriate to the library's objectives. (See: www.ala.org/ ala/acrl/acrlstandards/standardslibraries. htm.) 3 Kendon Stubbs lamented in a 1994 study the decline in research libraries'share of university funds. Based upon survey data from 88 ARL libraries, the percentage of university E&G funds allocated to these libraries fell steadily from 3.91 percent in 1982 to 3.32 percent in 1992. He postulated several causes for this decline, but did not discuss funding formulas. 4 Rolf Griebel discussed in a 1995 examination of German university libraries a financial approach known as the "Bavarian Model Budget." The model uses a methodology that identifies the tier to which a library and university belong and then specifies what percentage of newly published literature a library in this tier should purchase. He concluded that German libraries are underfunded by approximately 30 percent, according to this model. 5 In a 1996 opinion paper, Murle Kenerson criticized formulas that the Tennessee Higher Education Commission (THEC) uses for the distribution of monies to support higher education in Ten-
March 2007
nessee, including academic libraries. The formulas incorporate full-time equivalent (FTE) enrollment and performance-based approaches using student test scores and placement of graduates. Kenerson argued that FTE may be appropriate for funding of classroom instruction; but, at the author's home institution of Tennessee State University, "half-time" students may require as many library resources as full-time students. "Grade point averages, improved test scores and similar mechanisms are of li le consequence in assessing the real value of library services and in securing a fair share of performance funding dollars." Kenerson found that even when the library was allocated a certain stated amount of funding in the university budget, the full sum was never received by the library. 6 In a 1999 article Jin-Chuan Ma argued that Chinese university libraries are slipping behind in their ability to support their institutions' research agenda. Ma suggested that, in addition to receiving 5 percent of the university's operational budget, the current model, university libraries should also receive a percentage of the university's research and grant funding, to be used for acquisition of information resources to support that research. 7 Libraries are somewhat of a microcosm of a university, with large staffing, operational, and program-driven costs. It may be of interest to look at the literature on funding mechanisms of universities as a whole. The picture here is also somewhat muddled. In a 2002 article, Peter Facione likened the fiscal process of most American colleges and universities to the "controlled economy approach" used by the former Soviet Union. Central commi ees project income and expenses, establish strict guidelines for expenditures of resources, and take back unexpended balances at year's end. This approach does li le to reward strategic planning, program review, and new program development. 8 In a 1985 paper, Jim Tolhurst discussed resource allocation and budgeting in U.K. and Australian universities. He reported on an earlier U.K. study that summarized university funding practices as routinely employing: (1) li le relationship between long-term objective and resource allocation; (2) allocation of resources based upon incremental allocation from an historical base; (3) a division of resources between the academic and nonacademic sectors based upon historical cost-share basis; (4) resource allocation that does not appear to take into account the relative strengths of departments. 9 In a 2003 article, Nancy Cantor and Paul Courant discussed recent trends in higher education finance that carry disquieting consequences. The use of "bo om-line departmental budgeting" in which units retain the revenues associated with their activities, but are also responsible for the costs of those activities, works to the detriment of university "public goods," a prime example of which is the university library. Public goods such as the library are vulnerable under this model because it is o en difficult to establish an exact return on their investment, yet their presence is thought to have a significant impact on the intellectual and cultural well-being of the community as a whole. 10 In a 2003 paper, Gunapala Edirisooriya advocated an entirely new approach to funding of higher education in the United States. The author's premise was to create a reserve for higher education by reducing the amount of funding for higher education by X% per year, beginning far enough out to allow universities to prepare, and increasing this percentage each year until a sizable reserve is established. The reserve is then used to provide a stable source of revenue for both the state and higher education.
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In summary, there appear to be few published models for academic library funding. Furthermore, of the few to be postulated, some of those have not been applied.At least two studies have commented upon the decline of academic library funding in the United States as a percentage of university funding, which one might argue gives further impetus for this study. The literature also reveals a concern at a larger level over university funding mechanisms, suggesting that most are short on objective rigor and long on political influence or incrementalism. One example of a novel budgeting technique, responsibility-centered management, is a move in an interesting direction but denudes the library to an administrative support function devoid of academic mission.
Hypothesis and Methodology
The purpose of this study is to illustrate a model in which funding of an academic library depends on institutional characteristics. The model assumes that the funding an academic library receives is influenced partly by the demand for the library's services from the university's students, faculty, and programs. One reason for adopting this assumption is to explore the plausibility of a model that relies on variables external to the library as drivers of funding. This represents a significant departure from arguments that the library's funding, or more specifically petitions for increases in funding, be predicated upon its existing size, holdings, serials inflation-in essence, inertia.
To implement the model empirically, we turn to the annual statistical survey of the Association of Research Libraries (ARL) as the source for operational indicators of the theoretical construct "demand for the library's services from students, faculty, and programs." Specifically, we use X1 = undergraduate enrollment to indicate demand from undergraduate students; X2 = graduate enrollment and X3 = number of Ph.D. degrees awarded annually to reflect demand from graduate students; X4 = number of teaching faculty to indicate demand from faculty; X5 = number of Ph.D. fields, X6 = presence of medical school (1 if present, 0 if not), and X7 = presence of law school (1 if present, 0 if not) to reflect demand from graduate and relatively expensive professional programs of the university. Although these variables are imperfect measures of the theoretical construct and, as discussed in more detail later, there are other potential determinants of library funding that might usefully be considered in future research, the variables selected represent measurable indicators of institutional characteristics related to the demand for library services.
Our research hypothesis is that a positive relationship exists between total library expenditures (dependent variable -Y) and the independent variables just described (X1 through X7).We use multiple regression to quantify this relationship. Recognizing that there may be systematic differences in funding between private and public institutions in the U.S. and Canadian institutions, we include two additional qualitative independent variables: X8 = U.S. private university (1 if U.S. private, 0 if not) and X9 = Canadian university (1 if Canadian, 0 if not). Finally, we include a time trend in the regression as a rough way of partially accounting for factors outside the university that may increase the costs of meeting a given level of demand for the library's services (such as serials inflation or rising salaries).
To test the hypothesis we analyze 11 years of data from 1992 through 2003 for 113 libraries that are members of the ARL, yielding a total of 1,190 observations. ARL libraries not examined include nonuniversity libraries and a small number of institutions that were dropped due to missing data. The ARL data set is selected because this is a widely recognizable and complete longitudinal data set that represents a relatively homogeneous population.
We regress the natural logarithm of total real library expenditures (Y) on the logs of undergraduate enrollment, graduate enrollment, number of teaching faculty, number of Ph.D. fields and number of Ph.D.s awarded annually. The use of a logarithmic rather than linear model allows the estimated marginal impact of a change in an independent variable to diminish. For example, the impact on cost from adding the 90th Ph.D. program is probably less than the impact on cost of adding the 20th. Also included in the regression are a time trend, a constant term and indicator variables for: presence of a medical school, presence of a law school, public/private status, and Canadian/American affiliation. A "random effects" model is used to account for unobserved library-specific factors that persist through time. Examples of such factors would be a large library endowment, costly special collections or archives, multiple branches, or any other unmeasured variable specific to a library with an ongoing impact on spending. By accounting for effects of persistent, unobserved library-specific factors, the random effects model recognizes that the observations are not all independent, since each library is observed repeatedly over the years. This feature allows for more efficient estimation (that is, lower standard errors) than would be obtained by estimators that ignored unmeasured library-specific factors. Intuitively, the model assumes that the funding response to a change in an independent variable is the same for all libraries, but the base level of funding may vary due to library-specific factors. The model is estimated by generalized least squares.
Results
The estimated model is summarized in table 1. Coefficients of the operational indicators of demand for library services take the expected positive sign, and most are statistically significant at the five percent level or less in a two-tail test. The t-ratio for undergraduate enrollment is 1.908, slightly below the five-percent critical value, and there appears to be no significant association between funding and the number of Ph.D. programs a er controlling for other independent variables. The model produces a coefficient of determination (R 2 ) of .489, indicating a modicum of correlation between the independent variables and library funding. A "Lagrange multiplier" test of the random effects model against an ordinary least-squares model that ignores persistent library-specific factors yields a chi-square test statistic with one degree of freedom of 4,171, providing strong support for the importance of accounting for library-specific effects.
The coefficient of a logarithmic variable measures the estimated "elasticity," or the percentage change in total real expenditure associated with a one percent change in the independent variable. All of the estimated elasticities are well below unity, indicating that one percent changes in independent variables are associated with much smaller than one percent increases in library funding. For example, the largest elasticity estimates of .071 indicate that a one percent increase in graduate student enrollment or in the number of teaching faculty is associated with about a 7/100 of one percent increase in total real expenditure. That these estimates, as well as the elasticity for Ph.D.s awarded, are larger than the elasticity for undergraduate enrollment should not be surprising given the relatively greater investment in library resources required by research and graduate education. Coefficients of indicator variables when multiplied by 100 approximate the percentage change in total real expenditure associated with presence of the indicator. Thus, presence of a medical school is associated with 8.6 percent greater expenditure, and presence of a law school is associated with 12.3 percent greater expenditure. Libraries associated with private universities in the United States spend about 21 percent more than their public counterparts in the United States, while Canadian university libraries spend about 21 percent less on average than U.S. public university libraries. The coefficient of the trend variable represents the average year-to-year growth in expenditures when holding all independent variables constant and reflects the influence of factors like serials inflation or real increases in salaries. According to the model, expenditures increase on average by 2.4 percent annually, holding other independent variables constant.
Researchers seeking a more parsimonious model might consider whether all three of the independent variables measuring graduate enrollment, number of Ph.D. degrees awarded and number of Ph.D. fields should be included, as they correlate highly with one another. Pearson correlation coefficients between pairs of these variables range from 0.65 to 0.76. While Pearson correlation is useful for assessing linear relationships between pairs of variables, the "condition number" of the data matrix indicates whether more general linear relationships between multiple variables are problematic. 12 The condition number computed for the data matrix (the ratio of the largest to the smallest characteristic root of the normalized cross-product matrix) is 10.59, well below the value of 20 that Belsley, Kuh, and Welsch suggest as indicating a potential collinearity problem. Table 2 shows an application of the formula to an actual set of data for a rapidly growing university in the south that is not an ARL member. Based on changes in the independent variables, the formula produces a relatively modest increase of $364,903 in library funding. There is, however, also an underlying rate of growth in university library budgets independent of growth in these campus independent variables. This trend growth, produced from the aforementioned trend variable, is what the library would have experienced on average with no growth in the Trend growth $240,000
Application to a Specific Institution
Overall change $604,903
As percent 6.05%
FIGURE 1 Actual and Model Expenditures
independent variables. In the example above, the increase from applying the trend variable yields $240,000. The total increase suggested from the formula is $604,903, a 6.05 percent rate of growth. 
Application to Expenditure Growth over Time

Application across Libraries
The model can be applied in a third way by comparing a library's actual spending against the hypothetical spending that the model suggests. Table 3 provides this comparison for the ARL libraries that formed the data set for this study. The Actual column shows the library's average annual total expenditures, as reported in the ARL statistics, for the 11-year period, in 2003 U.S. dollars. The Model column shows the library expenditures predicted by the model, based upon the averages of the independent variables for that institution for the 11 years of data. The difference between these two produces an Over Predicted or Under Predicted amount based upon the methodology of the model. To argue that these terms are synonymous with "overfunded" and "underfunded" would be presumptuous; however, the suggestion is worth exploring on a comparative basis. Static results that are of limited value for one institution might be useful in comparing a library against a cohort group of peers. For example, three of the ten libraries with the largest excess of actual over model-predicted funding are at Ivy League institutions (Harvard, Yale, Princeton) and two are in the UC system (Berkeley and UCLA). Only one Ivy League library (Brown) and two of seven of the included UC-system libraries (Davis and Riverside) have actual funding below model-predicted funding
Limitations to the Model
There are a number of limitations to this research. There is no separate enumeration of independent sources of funding such as endowments, or of important cost drivers such as archives, special collections, and multiple library branches (although the net effect of all persistent library-specific factors is implicitly accounted for in the random effects model). The analysis does not account for the myriad of preservation and digitization efforts underway in libraries. The model may be more useful for growing institutions and less useful for institutions in a steady state of existence. Last, the formula does not explicitly estimate the impact of serials inflation but only accounts for it indirectly through the trend variable.Practical applications of formulabased allocation schemes should account more directly for the funding necessities born from serials inflation.
Further Study
If the goal were to make this model truly practical and more applicable, one might consider other possible independent variables. Libraries can argue that there should be a correlation between research grant money flowing into the institution and the library's budget. A more ambitious extension would be to measure the amount of scholarly productivity for the universities under study and use this to create an independent variable that would factor the number or quality of scholarly publications into the model. Both of these ideas suggest that the greater the university's rate of research and publication, the more money should flow into the library to support research. This approach turns the notion of the size of the library as a measure of its "goodness" on its head. At least one study in the library literature suggests that a university library's collection helps shape the university's reputation. Lewis Liu provides empirical evidence that the library's ARL ranking correlates closely with its U.S. News and World Report ranking. 13 This may be true; however it should be noted that U.S. News and World Report includes library funding per student as a metric in its ranking of colleges and universities. In any case, the extensions to the analysis proposed here suggest the opposite relationship: that a university that is demonstrating growth in research activity should support its faculty by building a stronger library through increased financial support. This is a subtle but important distinction, which moves the debate away from measuring the goodness of the library by input measures (volume count, number of serials, expenditures, etc.) to a model that suggests that the library should be strong to reflect the level of research taking place at the university.
Conclusion
The purpose of the study is not to create a one-size-fits-all model for funding. The model illustrates a foundation for what could evolve into funding strategies based upon measurable inputs. Easily measurable inputs or drivers can potentially shield the library from arbitrary cuts. An institution can devise its own set of measurable inputs. Is the model a good thing or a bad thing for libraries? Libraries with exceptional influence on campus may find no benefit to such an approach. Libraries faced with political disadvantages or distinct underfunding relative to peer institutions may be able to use this approach to their benefit. Does increased library funding even necessarily convey additional benefit to the institution? Assuming that the institution's budget process is a zero sum game, gains in library funding reduce funding elsewhere. It is well beyond the scope of this study to compare the marginal utility of dollars steered toward the library versus other programs on campus. However, in the cases of obvious underfunding one might argue that the utility of marginal dollars allocated to the severely underfunded library may be high (i.e., a good investment by the institution). Last, the model may also serve to move the debate for funding away from traditional input measures and toward a broader set of institutionally based output indicators. This approach may be favorably received as universities as a whole move more toward outcomesbased planning.
Notes
